In a fluid system driven out of equilibrium by the presence of a gradient, fluctuations become 17 long-ranged and their intensity diverges at large spatial scales. This divergence is prevented 18 vertical confinement and, in a stable configuration, by gravity. Gravity and confinement also 19 affect the dynamics of non-equilibrium fluctuations (NEFs). In fact, small wavelength 20 fluctuations decay diffusively, while the decay of long wavelength ones is either dominated 21 by buoyancy or by confinement. In normal gravity, from the analysis of the dynamics one can 22 extract the diffusion coefficients as well as other transport properties. For example, in a 23 thermodiffusion experiment one can measure the Soret coefficient. Under microgravity, the 24 relaxation of fluctuations occurs by diffusion only and this prevents the determination of the 25 Soret coefficient of a binary mixture from the study of the dynamics. In this work we propose 26 an innovative self-referencing optical method for the determination of the thermal diffusion 27 2 ratio of a binary mixture that does not require previous knowledge of the temperature 28 difference applied to the sample. The method relies on the determination of the ratio between 29 the mean squared amplitude of concentration and temperature fluctuations. We investigate 30 data from the GRADFLEX experiment, an experiment flown onboard the Russian satellite 31 FOTON M3 in 2007. The investigated sample is a suspension of polystyrene polymer chains 32 (MW=9,100g/mol, concentration 1.8wt%) in toluene, stressed by different temperature 33 gradients. The use of a quantitative shadowgraph technique allows to perform measurements 34 in the absence of delicate alignment and calibration procedures. The statics of the 35 concentration and temperature NEFs are obtained and their ratio is computed. At large wave 36 vectors the ratio becomes constant and is shown to be proportional to the thermal diffusion 37 ratio of the sample.
Introduction

42
Non-equilibrium fluctuations (NEFs) are dramatically different from equilibrium ones (EFs), 43 because of the coupling of the driving gradient with spontaneous velocity fluctuations (Ortiz 44 de Zárate and Sengers, 2006) . This results in a huge amplification of NEFs that is way more that is related to the wave number where time decay shows a distinct maximum, marking the 78 transition from a regime for relaxation of the fluctuations dominated by diffusion, to one 79 dominated by buoyancy (Croccolo et al., 2007 and 2012 Non-equilibrium fluctuations 117 The theory of non-equilibrium fluctuations has been elegantly described in the book by Ortiz 118 de Zárate and Sengers (Ortiz de Zárate and Sengers, 2006) and in references therein. Here we 119 just would like to recall the main equations that will be used in the following. In particular we 120 are interested in a recent development of the theory that includes realistic boundary conditions 121 in the case when gravity is removed (Ortiz de Zárate et al., 2015) ; the case relevant to the 122 analysis of the GRADFLEX experiment. The assumption 0 = g led the authors derive an 123 analytical solution for the dynamic structure factor of solutal NEFs : where p c is the heat capacity at constant pressure, T the thermal diffusivity and:
is the intensity of the thermal fluctuations at equilibrium, independent of the wave number.
139
For NE concentration fluctuations, by integrating Eq.2 over the temporal frequencies and in 140 the limit of large wave numbers, one gets:
The ratio Thermal Gradient Analysis that we introduce here and that relies on the analysis of static 190 power spectra for thermal gradients to retrieve the static signal of non-equilibrium 191 fluctuations. In the following the two methods are described in more details. 
199
The main idea is that of calculating the structure function of the fluctuations of the image 200 intensity, which is calculated as (Croccolo et al., 2006) :
! is the image intensity upon 2D-spatial Fourier transform and t the varying 203 temporal delay between considered images.
204
This signal is further investigated for each available wave vector as a function of the time 205 delay t between images by fitting through the following equation:
represents the static power spectrum as the product of the 
215
From this kind of analysis one gets access to the Intermediate Scattering Function (ISF) of the 216 system. In many cases a single exponential decay is a realistic assumption for the ISF of 217 NEFs, as will be discussed further in the next section, so one can assume:
.
(Eq.10)
219
Fitting of Eqs. 9 and 10 can thus provide the value of the time decay of the fluctuations for 220 every wave number q . In the case of a microgravity experiment recent theories confirm the 221 prediction of a pure diffusive behavior of concentration NE fluctuations, even in the presence 222 of non-negligible confinement effects, so that the time decay is expected to be described by As stated in the previous paragraph, one can get the static power spectrum of fluctuations 229 ) (q A directly from the DDA analysis, but the efficiency of this procedure is limited when the acquisition step of the CCD camera, like it is the case here for fluctuations of wave number 232 larger than about 200cm -1 . In this paper we introduce thus a different approach that takes into 233 account simultaneously the results obtained for the three applied thermal gradients. From the 234 acquired images one can get information about the static power spectrum of fluctuations by 235 directly measuring the quantity (Brogioli et al., 2000; Trainoff and Cannell, 2002) :
is the FFT of the background image. The measured static power 238 spectrum can also be expressed as:
represents the measured static power spectrum as the product represents the background noise of the 'statics' related to all the sources of noise such as the 246 CCD camera and the entire electronic system. It's worth pointing out that the intensity of 247 solutal fluctuations is expected to be much larger than that of the temperature ones, as it will 248 be shown in the Discussion section. Therefore, we can assume that the static signal is mostly . Finally, the background obtained by the TGA 256 analysis would, in principle, identify with the one mentioned in the static power spectrum:
258 259
Results and Discussion
260
In the following, we report results of the analysis of the images obtained by the GRADFLEX Clearly, the contrast of the images is steadily increasing with the delay time. Also a sort of 274 characteristic size is somewhat recognizable within the images, which is a signature of the 275 transfer function of the shadowgraph technique. This can be further appreciated in Fig. 4 276 when the power spectrum of differences of images is presented. 279 From shadowgraph images the structure function
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Evaluation of the mass diffusion coefficient by DDA analysis
has been calculated as per Eq.8 280 for all the wave numbers available in our optical setup. In Fig. 2 , three examples of structure 281 functions are plotted against the time delay between images for three different wave numbers.
282
The data points are normalized between 0 and 1 to facilitate comparison. The decay times of fluctuations are determined by fitting the data at each wave number by 289 means of Eqs.9 and 10 with the three free parameters defined above: (Vailati et al., 2011) . This step requires a fine error. If one aims at retrieving the thermal diffusion ratio T k , an alternative approach is that 364 of calculating the ratio:
(Eq.14) 366 We recall that in the limit of large wave vectors this ratio should be equal to the result 367 obtained in Eq.7. One can further perform a fitting of the obtained data points in the wave 368 number range around 100 cm -1 using T k as fitting parameter in order to get an estimate of its (Vailati et al., 2011; Rauch and Köhler, 2002; Rauch and Köhler, 2003) . applied temperature difference. Therefore, the procedure for the determination of the thermal 385 diffusion ratio described here relies on a powerful self-referencing method that works 
Conclusions
393
In this paper we provide a further analysis of the images acquired during the GRADFLEX 394 experiment in order to quantitatively measure the mass diffusion coefficient and the thermal 395 diffusion ratio of a binary mixture of PS in toluene at weak concentration. These results 396 confirm quantitatively the fact that the analysis of NE fluctuations can be efficiently 397 performed by means of light scattering techniques like the shadowgraph able to detect wave 398 numbers as small as 10/cm, thus getting access to the physical phenomena involved in the 399 thermodiffusion process and providing a sound measurement of transport properties of the 400 system.
401
Different image analysis procedures have been applied confirming previously published data.
402
In particular a simple self-referencing method is proposed to measure both the mass diffusion 403 coefficient and the thermal diffusion ratio. Remarkably, the method proposed by us does not 404 require performing optical and thermal calibrations.
